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[57] ABSTRACT 

A system and method for maintaining complex relationships 
between computer network elements. The system provides a 
common database for storing node, type, and view data. The 
views are created and maintained by the network manage- 
ment system. When a new node is added or parentage of a 
node is changed, the views of a node are modified in a 
network database. 
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NETWORK TOPOLOGY MANAGEMENT SUMMARY OF THE INVENTION 

SYSTEM THROUGH A DATABASE OF , . , , , 

MANAGED NETWORK RESOURCES , Improved tools for maintaining viewing, and managing 

INCLUDING LOGICAL TOPOLGIES physical and logical topology of a network are provided 

s by virtue of the present invention. The system maintains 

COPYRIGHT NOTICE databases for both logical and physical topology using an 

, , , , , . improved data model. Consistency is maintained by placing 

A portion of the disclosure of this patent document , c^tency application in a logical/physical database, 

contains material which is subject to copyright protection. Users are able to access the data only through the physical 

Thecopynghtownerhas no objecuontothexeroxographic topology database. Both physical and logical topology 

reproduction by anyone of the patent document or the patent lu resides j n mis database, 

disclosure in exactly the form it appears in the Patent and . .... , ,. , . 

Trademark Office patent file or records, but otherwise Accordingly, in one embodiment me invention provides a 

reserves all copyright rights whatsoever. computer network comprising a plurality of network nodes 

and interconnections; a network management system com- 

BACKGROUND OF THE INVENTION 15 prising a database of managed network resources, the data- 

^ . , „ ,, „ base of managed network resources defining network nodes, 

The present invention relates to the field of computer associated n0Qe , ypeS; and associated views of the nodes; 

systems and their management and control. More and a plurality of network management users, the network 

specifically, in one particular embodiment the invention manag e men t users displaying views of the network using 

provides a method and device for managing and visualizing said n6twork managemen , database. Through user modifi- 

the topology of a computer network. cation of node attributeS) me views of the network are 

As computer networks have developed and achieved wide updated by the system through use of an object oriented 

acceptance, it has become necessary for managers of such database. In a preferred embodiment the views of the 

networks to have access to software and hardware tools network are modified based on input or change of the 

necessary to manage, monitor, and control networks. As ^ attributes of the nodes. For example, parent relationships 

networks have increased in complexity, so have the tools may be used to define a new view node when a new parent 

needed for their management. Existing management pack- ^ a dded to an attribute of a node. 

ages for managing a network provide a wide range of A &rther understanding of the natU re and advantages of 

functionality including network management application me invent i ons herein may be realized by reference to the 

launchers event request and filtering mechanisms, logging 3Q remainirig ortions of the specification and the attached 

systems for storing network event and performance drawinos 
statistics, alarm correlation mechanisms, load balancing 

mechanisms, and other tools. Among the most advanced of BRIEF DESCRIPTION OF THE' DRAWINGS 
such packages is SunSoft's Solstice Enterprise Manager 1.1. 

Other systems include Hewlett Packard's Open View plat- 3J FIG. 1 is an overall view of a hypothetical network, 

form Network Node Manager, Operations Center and showing the relationship to the network management tools 

AdminCenter; IBM's NetView, and others. described herein; 

The most advanced of such packages allow multiple FIG. 2 is a typical screen display provided by one 

operators to access management information embodiment of the invention; 

simultaneously, and support multiple computing environ- 40 FIG. 3 is an object relationship diagram according to one 

ments. To facilitate this complex functionality advanced specific embodiment of the invention; 

network management systems have used an object oriented FIGS 4A> 4B> and 4C flhlstlmte a si le app i icat ion of 

network model. Network resources represented as objects (n6 invention' 

are stored and manipulated by management applications and ' ,„ , .„ .„ , 

agents. The use of such object oriented approaches enables, 45 FIGS - , 5A > 5B ' 5C ' and 50 lUustrate s P eclfic data stmc - 

inter alia, much easier scalability and other advantages. In wres used nereln ; and 

addition, the support of multiple network management pro- FIGS. 6A, 6B, and 6C illustrate use of the invention in 

tocols is facilitated. In SunSoft's Solstice products for specific examples. 

example, the management tools may be distributed over DFSPRTPTTON OF THF PRFFFRRFn 
multiple workstations. The same information is made avail- 50 DESCRIPTIOl^ OF TIIE PREFERRED 
able to all applications and tools via MISs ("Management hMBUDlMEN lb 
Information Servers"). FIG. 1 illustrates a computer network along with its 
Such systems have met with substantial success and are, associated network management system. As shown, the 
in fact, considered to be pioneering in the industry. However, computer network 100 will include hardware such as hosts 
certain challenges remain. For example, while the object 55 101a, 101i>, 101c, lOlrf, and lOle, router 103, and subnet- 
oriented approach to network database management has works 100a and 1006. Hosts 101 may be, for example, users, 
proven successful certain limitations remain. Such systems servers, and other network elements. Attached to one or 
have, previously, maintained separate databases represent- more of the hosts are network management elements 109. 
ing the logical and physical layouts of a network, respec- Management elements 109 will be connected to one or more 
tively. Separate applications in the network management 60 °f tDe network hosts for network managers to monitor and 
system then access and may modify the logical and physical control the network. 

topology databases. In some instances it has been found that The layout of the network is illustrated with regard to 

two views of the same network can be found to be incon- physical connectivity, but another set of relationships will 

sistent as a result of this architecture. also exist. That is, the various elements of the network will 

From the above it is seen that an improved set of tools for 65 also be related by logical relationships. For example, a 

maintaining data relating to the physical and logical topol- portion of the users connected to servers 101a and 101b may 

ogy of a network is needed. be in one logical group, while other portions of the network 
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will be in other logical groups. Often it is desirable for 
network managers to be able to view the network in logical 
views rather than the physical layout of the network. The 
present invention provides an improved viewer for looking 
at and analyzing various portions of the network. 

A management system or "nerve center" 111 is provided 
in the network to manage and control the network. While the 
management system 111 is illustrated as a single entity on 
the network, it may in many embodiments be distributed 
over multiple workstations and servers. 

The management system includes an MIS or Management 
Information Server 113. The MIS is an object oriented 
network model that enables object definitions to be stored 
and manipulated by management applications 115, using 
object oriented tools such as classing, inheritance and scop- 
ing to represent complex resources and simplify complex 
operations. Management applications 115 interact through 
the network MIS rather than with each other. 

System 111 will normally include a set of standard tools 
such as a relational database logging tool, alarm managers, 
and other tools. The system is able to provide access to 
managed objects via a common management information 
protocol (CMIP) with management protocol adapter (MPA) 
119. Other system elements are supported directly through 
an interface such as a protocol driver manager (PDM) in the 
case of, for example, SunNet Manager Agent interactions. 

As shown in FIG. 1, a particular user of the system will 
have applications 115 resident on his/her particular server or 
workstation. In addition, the user may have various tools, a 
particular graphical user interface 123, and viewer 125. The 
various applications utilize the resources of the nerve center 
to perform management tasks. A database 127 in the nerve 
center provides a single source of network objects in an 
object oriented relational database to service the various 
network applications for management of the network. The 
system illustrated in FIG. 1 will, in a preferred embodiment, 
be based on the Solstice Enterprise Manager 1.1, available 
from Sun Microsystems, Inc. The various software and data 
elements discussed herein are stored on a memory device 
128 such as one or more magnetic or optical disc drives. 

FIG. 2 illustrates a typical screen display available to a 
user of the network management system disclosed herein. 
As shown, the system will display a viewer 201 in which the 
topology of the system (logical or physical) may be dis- 
played. In addition, the system may display other items of 
interest such as an alarm report 203. 

Both the logical and physical elements of the network 
model are stored in a common database 127 according to the 
invention herein. FIG. 3 illustrates the architecture of the 
network database 127 according to a preferred embodiment 
of the invention. The purpose of the topology database is to 
store topological information about the managed networked 
environments. Topological information is in the form of 
objects which represent topological nodes, views, 
viewnodes, and types. The topology database includes data 
of the following types: a topoTypeDB, a topoNodeDB, and 
a topoViewDB. These data are used by the system applica- 
tions to manage the user's networks. 
topoTypeDB 

The topoTypeDB object class 301 contains the general 
relationship or rules between objects (which represent a 
topoType 303). In other words, topoTypeDB contains a list 
of object types. Examples of such object types would be 
servers, routers, hubs, and users. 

The topoTypeDB is a managed object class that acts as a 
"container" for all topoType objects. The topoTypeDB 
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object class is named under the system object and only one 
instance of a topoTypeDB object class can be created under 
a system. TopoType is an object class that is named under the 
topoTypeDB object class. 
5 topoNodeDB 

The topoNodeDB object class 305 contains a flat layout of 
the objects in the particular managed networked 
environment, that is, lists of all nodes 307 in the network and 
their attributes. 

The topoNodeDB is a managed object class that acts as 
the "container" for all topoNode objects. This object class 
lists all nodes and their attributes. The topoNodeDB object 
class is named under the system object and only one instance 
of the topoNodeDB object class can be created under a 
system. 

15 TopoNode is an object class that is named under the 
topoNodeDB object class. The topoNode object class has the 
following features. TopoNode can be positioned in multiple 
views. This attribute is allowed since the behavior of "topo- 
TypeLegalChildren" is checked for all parents specified by 

20 the attribute. The ASN1 syntax of topoNodeParents is a set 
of topoNodeld's. Special secondary index queries can be 
done with actions. TopoNode objects can be renamed. The 
topoNodeName attribute is unique across all topoNodes 
under the same topoNode DB. The reason that topoNode- 

25 Name is not used as the naming attribute is to allow 
renaming of topoNode objects. If a topoNode object is 
• renamed, it's new name cannot be the same as the name of 
an existing node. 
A topoNodeChildren attribute is a reverse relationship 

30 attribute of a topoNodeParents attribute. It specifies all the 
topoNode children that are contained by this topoNode. 
Propagation severity of topoNode objects can be tracked and 
propagation can be controlled such that, for example, alarms 
are indicated in desired views. 

35 Each node has an associated severity, derived from alarms 
posted for the corresponding resource. The tracking of the 
propagated severity is performed with a "topoNodePropa- 
gateSeverity" attribute. This attribute is the maximum value 
of the topoNodeSeverity of the topoNode and the topoN- 

40 odePropagateSeverity of all its children. 

To control propagation locally, a topoNode's "topoN- 
odePropagateUp" attribute is used. To turn the propagation 
off for the entire topology database, the topoNodeDB's 
"topoStatePropagation" attribute is used. By default, the 

45 global propagation flag is set on. A topoNode propagates its 
current severity to its parents only if its topoNodePropaga- 
teUp flag is on and topoNodeDB's topoStatePropagation 
flag is on. 
topo ViewDB 

50 The topo ViewDB 309 object class contains views of the 
objects in the managed networked environment, that is, of 
all views 311. The various views contain logical groups of 
network resources or topology nodes that a user may wish to 
use for management purposes. For example, a view of 

55 various ethemet servers in a network may be desired to 
monitor the failure rate of such servers. Thus, a view of such 
servers will be formed. 

TopoViewDB is a managed object class that acts as the 
container for all topoview objects. TopoViewDB lists all 

60 views; each of these views are called a topoview. The 
topoViewDB object class is named under the system object 
and only one instance of the topoViewDB object class can 
be created under a system. A view is a graphical represen- 
tation of a set of related managed objects. For example, in 

65 a network that contains multiple subnetworks, the network 
might be one view that has subnetwork elements and each 
subnetwork within it might constitute or use separate views. 
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TopoView is an object class (hat lists views and is named 
under the topoViewDB object class. Each topoview object is 
called a topoViewNode. Each instance of the topoview class 

represents a view in an executable viewing program (em 

viewer in the case of SunSoft) to display objects that are in s 
the view and store attributes that are related to the view. 
TopoView objects show relationships and hierarchy between 
objects. Instances of the class are named under 
topoViewDB, but create/delete operations are not supported 10 
by the name binding. 

The topoViewNode objects 313 represent topoNode 
objects in different views (different logical views). Each 
topoViewNode object is associated with a topoNode object. 
There is a many-to-one relationship between topoViewNode 15 
and topoNode objects. If the information is available in the 
topoViewNode's associated topoNode object, the informa- 
tion is not duplicated in the topViewNode object. The 
exception is that the topoNodeld attribute is used as the M 
naming attribute to create topoViewNode objects. 

Since instances of the class are named under topoview, 
create/delete operations are not supported by the name 
binding. All topoViewNode objects are created/deleted as 
side effects of creating/deleting topoNodes and adding/ 25 
removing parents to form a "topoNodeParents" attribute of 
topoNode objects. The MIS is responsible for maintaining 
the referential integrity between topoViewNode and topoN- 
ode objects (for example, a topoNode can contain other 
topoNodes). ' 

TopoViewNode objects are automatically updated. When 
a new parent is added to the topoNodeParents attribute, the 
MIS creates a topoViewNode object associating to the 
topoNode under a topoview object which associates to the 
new parent. When an old parent is removed from 
topoNodeParents, the MIS deletes the topviewNode object 
associating to the topoNode from the topoview object which 
associates to the old parent. If the user wants to move or 
place a topoNode in a different or another view, it will be 
necessary to change the topoNode's topoNodeParents 
attribute. 

Data integrity between topoNode, topoview, and topo- 
ViewNode is maintained by the system. Data integrity is 
maintained by the behavior, in the system herein, of the 45 
class. Once a new topoNode is created, if the type of the 
topoNode can contain other topoNodes, the MIS will create 
a topoview object associated to the topoNode. If a topoNode 
is deleted, all topoview and topoViewNode objects associ- 
ated with the topoNode are automatically removed by the 
MIS. 

FIG. 3 includes a description of the containment of the 
various objects in the database. Specifically, TopoViewDB, 
topoNodeDB, and topoTypeDB are contained within the 
"system." A topoview is contained within the topoViewDB. 
A topoViewNode is contained within a topoview. A topoN- 
ode is contained within the topoNodeDB. A topoType is 
contained within the topoTypeDB. 

The reference rules for the database are as follows. A 
topoview must reference a topoNode. Only one topoview 
can reference a single topoNode. A topoViewNode must 
reference a topoNode. One or more topdViewNodes can 
reference a single topoNode. A topoNode can reference 
other topoNodes as topoNodeParents or topoNodeChildren. 
A topoNode must reference one topoType. A topoType can 
be referenced by multiple topoNodes. 



Table 1 provides general descriptions of topology types. 
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Topology Type 


Description 


Container 


A generic view representation. 


Universe 


A generic view, generally used 




at the top level. 


[nteraet 


Any combination of IP 




networks. 


Subnetwork 


Containers specific to the 




Internet 


Host 


An IP device on a network. 


Device 


A generic representation of a 




network element. 


link 


A physical connection between 




two network elements. 


Router, Bridge, Hub 


Multiple interface devices 




capable of transferring 




packets between networks. 



FIGS. 4A to 4C illustrate various views of a network 
using the system herein. FIG. 4Aillustrates a view of several 
routers 401 in a network. FIG. 4B illustrates a new view that 
has been created including only two of the routers that a 
particular user desires to monitor. FIG. 4C illustrates the 
display after using the system to add another router to the 
view. Of course, the layout of networks is most often quite 
complex and FIGS. 4A-4C shows only a simple illustration. 

FIGS. 5Ato 5D illustrate the data formats and contents of 
a particular topoType (FIG. 5 A), topoNode (FIG. 5B), 
topoview (FIG. 5C), topoViewNode (FIG. 5D). Of interest, 
in topoNode, the topoNodeChildren entry (and, not shown, 
parents) is changed upon change or deletion of, e.g., a parent 
or other relevant attribute. 

FIG. 5A illustrates the data structure for a topoType. FIG. 
5B illustrates a topoNode entry. FIG. 5C illustrates a par- 
ticular topoview entry. FIG. 5D illustrates the topoViewN- 
ode entry for node 13 in FIG. 5B. 

The definition of all objects is preferably in GDMO 
(Guidelines for Definition of Managed Objects) format. The 
definitions according to one embodiment are included in 
Appendix 1 (topo.gdmo). The syntax for GDMO objects is 
defined in ASN.l. Appendix 2 (topo.asnl) provides object 
syntax according to one specific embodiment of the inven- 
tion. 

EXAMPLE 

FIGS. 6A to 6C illustrate typical use of the present 
invention. Auser typically identifies objects such as routers, 
hubs, bridges, print servers, NFS servers, and WAN links 
that have an impact on the greatest number of users on the 
network. The typical user will then monitor only those 
devices, reducing the number of managed objects to create 
and monitor. 

In the system herein a view of the network can include 
part (or all) of a network topology or it can simply be an 
arbitrary collection of managed objects, not part of the 
topology. In a small scale network, one might wish to place 
all the critical nodes into a single view of the network, as 
shown in FIG. 6A. In this example, a network includes two 
subnets (A and B), which are connected by a router. 

For most network configurations it will be useful to have 
multiple views of the network to represent functional group- 
ings of network devices and to represent the network topol- 
ogy. Using the database model discussed above, one might 
want, for example, to depict devices in particular buildings, 
or a view that consists only of routers. Taking the example 
in FIG. 6Aone might want to create a separate view for each 
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subnet as well as separate views by type of device (routers, 
NFS servers, and print servers). A user would create these 
views one element at a time using a graphical user interface, 
which would then build the database elements discussed 
above. As an example, views grouping elements by function 
(software servers, routers, and print servers) and subnetwork 
(s) might be formed as shown in FIG. 6B. A high level view 
is shown in FIG. 6C. As shown therein, cloud icons repre- 
sent the separate views that have been created. By double 
clicking on the clouds, one would then see the elements 
within these views of the network, of course, the same 
element may appear in multiple views. For example, a 



10 



8 



particular server could occur in both a "servers" view as well 
as the Net_B view, which shows all of the nodes in that 
subnetwork. 

The above description is illustrative and not restrictive. 
Many variations of the invention will become apparent to 
those of skill in the art upon review of this disclosure. 
Merely by way of example specific database relationships 
have been used for illustration, but the invention is not so 
limited. The scope of the invention should, therefore, be 
determined not with reference to the above description, but 
instead should be determined with reference to the appended 
claims along with their full scope of equivalents. 
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APPENDIX 1 



topo.gdmo 



e Copyright 1995 

sun Microsystems, Inc. 

All Rights Reserved 
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— ® (#) topo.gdmo 2.14 95/07/12 Sun Microsystems. 

Copyright 12 Jul 1995 Sun Microsystems, Inc. All Rights Reserved 

MODULE "EM Topology" 



OBJECT CLASS 



topoNode MANAGED OBJECT CLASS 

DERIVED FROM "Rec. X.721 | 1S0/IEC 10165-2 : 1992" : top: 
CHARACTERIZED BY 

copoNodePackage; 
REGISTERED AS [ em-topo-objectciass 1 ) ; 

topoNode Package PACKAGE 

BEHAVIOUR topoNodePackageDef inition BEHAVIOUR DEFINED AS 

IThis managed object class represents a single node 
in the topo graph. A node is anything in the network 
which can be connected to another thing: a device, 
a part of a device, an interface, a cable, etc. 

Once a new topoNode is created, if the type of the topoNode 
can contain other topoNodes, the system will create a 
topoView object associated to the topoNode. 

If a topoNode is deleted, all topoView and topoViewNode objects 
associated to the topoNode are automatically removed. 

The topoNodeName attribute is unique across all topoNodes under 
the same topoNodeDB. The reason that topoNodeName is not used 
for naming attribute is to allow renaming of the object. 

The topoNodeParents attribute is a relationship attribute. 
It is used to specify the parent topoNodes which contain, this 
topoNode. Note the containment relationship is a many- to-many 
relationships. It is different than the standard OSI MIT 
containment relationship, which is a one-to-many relationship. 
The many-to-many relationship provides the flexibility by 
which the user can position the same topoNode into different 
vi ews . 



When a new parent is added to the topoNodeParents attribute, 
the system creates a topoViewNode object associating to the 
topoNode under the topoView object which associates to the new 
parent . 

when a old parent is removed from the topoNodeParents attribute, 
the system delete the topoViewNode object associating to the 
topoNode from the topoView object which associates to the old 
parent . 

The topoNodeChildren attribute is a reverse relationship 
attribute of the topoNodeParents attribute. It is used to 
specify the children topoNodes contained by this topoNode. 

ATTRIBUTES 

topoNodeld GET, 
topoNodeName GET-REPLACE, 
topoNodeType get-replace, 
topoNodeMOSet 

DEFAULT VALUE EM-TOPO-ASN1 . emptyTopoNodeMOSet 

GET-REPLACE, 
topoNodeCmipAgentMO 

DEFAULT VALUE EM-T0P0-ASN1 . nullTopoNOdeMO 

GET-REPLACE, 
topoNodeRpcAgen tMO 
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DEFAULT VALUE EM-TOPO-ASNl . nul lTODONOdeMO 

GET- REPLACE, 
topoNodeSnmpAgentMO 

DEFAULT VALUE EM-TOPO-ASN1 .nul lTopoNodeMO 

GET-REPLACE, 
topoNodeDef au 1 tMO 

DEFAULT VALUE EM-TOPO-ASN1 .nullTopoNodeMO 

GET-REPLACE, 
tOpoNodeParents GET-REPLACE ADD- REMOVE, 
topoNodeChildren GET, 
topoNodePeers GET-REPLACE ADD -REMOVE , 
topoNodeManaged GET— RE PLACE , 
topoNodelsManaged GET, 
topoNodeState GET- REPLACE, 
topoNodeSeverity GET-REPLACE, 
topoNodePropagatedSeverity GET, 
topoNodePropagateUp 

DEFAULT VALUE EM-T0P0-ASN1 . topoBooleanTrue 

GET-REPLACE, 
topoNodeDisplayStatus 

DEFAULT VALUE EM-TOPO-ASN1 . eraptyTopoNodeDisplayStatus 

GET-REPLACE ADD -REMOVE , 
topoNodeGeoLocation 

DEFAULT VALUE EM-TOPO-ASN1 .nUllGeOLOcation 

GET-REPLACE, 
topoNodeLayer 

DEFAULT VALUE EM-TOPO-ASN1 . emptyLayer 

GET-REPLACE , 
topoNodeUserData 

DEFAULT VALUE EM-T0P0-ASN1 . emptyUserData 

GET-REPLACE 



NOTIFICATIONS 
" Rec . 



X.721 | ISO/IEC 10165-2 : 1992" 

objectCreation, 
X.721 | ISO/IEC 10165-2 : 1992" 

objectDeletion, 
X.721 1 ISO/IEC 10165-2 : 1992" 

attributeValueChange; 



OpoNodeDB MANAGED OBJECT CLASS 

DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992" : top; 
CHARACTERIZED BY 

topoNodeDBPackage; 
REGISTERED AS C em-topo-objectClass 2 ); 

opoNodeDBPackage PACKAGE 

BEHAVIOUR tOPONOdeDBPackageDef inition BEHAVIOUR DEFINED AS 

!This managed object class acts as the container for 
all topoNOde- related objects.!; 

ATTRIBUTES 

topoNodeDBId GET, 
topoAHStatus 

DEFAULT VALUE EM-TOPO-ASN1 .emptyTOpOAllStatUS 

GET- REPLACE ADD-REMOVE, 
topoAHLayer 

DEFAULT VALUE EM-TOPO-ASN1 . emptyTopoAl lLayer 

GET-REPLACE ADD— REMOVE , 
topoStatePropagation 

DEFAULT VALUE EM-TOPO-ASN1 . topoBooleanTrue 

GET-REPLACE 

ACTIONS 

topoNodeGe tByName , 



04/09/2004, EAST Version: 1.4.1 



15 



5,848,243 



16 



topoNodeGe tByType , 
topoNodeGetByMO , 
topoGe cvi ewGr aph ; 
NOTIFICATIONS 

"Rec. X.721 | ISO/IEC 10165-2 : 1992" : 

objectCreation, 
"Rec. X.721 | ISO/IEC 10165-2 : 1992" : 

obj ec tDeletion ; 



topoType MANAGED OBJBCT CLASS 

DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992" : top; 
CHARACTERIZED BY 

topoTypePackage j 
REGISTERED AS f em-topo-objectClass 3 ) i 



topoTypePackage PACKAGE 

BEHAVIOUR topoTypePackageDef inition BEHAVIOUR DEFINED AS 

IThis managed object class specifies schema information 
that defines how the Topology database can be constructed. 

ATTRIBUTES 

topoType Id GET, 
topoTypeDerivedFrom GET, 
topoTypeAllDerivedFrom GET, 
topoTypeBaseOf GET, 
copoTypeAHBaseOf get, 
t opoTypeMaxvi s ib 1 eLe ve 1 

DEFAULT VALUE EM-TOPO-ASN1 .def aul tMaxVi sibleLevel 

GET, 

topoTypeMaxTopo Level 

DEFAULT VALUE EM-TOPO-ASN1 .def aul tMaxTOpOLevel 
GET, 

topoTypeLegalArcs 

DEFAULT VALUE EM-TOPO-ASN1 .def au 1 tTopoTypes 

GET ADD, 
topoTypeAHLegalArcs GET, 
topoTypeLegal Children 

DEFAULT VALUE EM-TOP0-ASN1 .def aul tTopoTypes 

GET ADD, 
topoTypeAHLegalChildren GET , 
topoTypeDrawMethod 

DEFAULT VALUE EM-T0P0-ASN1 .def aultDrawMethod 

GET-REPLACE 

topoTypeDefaultLayer GET-REPLACE 

NOTIFICATIONS 

"Rec. X.721 | ISO/IEC 10165-2 

objectCreation, 
"Rec. X.721 | ISO/IEC 10165-2 

obj ec tDeletion, 
"Rec. X.721 | ISO/IEC 10165-2 

attributeValueChange; 



: 1992" : 
: 1992" : 
: 1992" : 



topoTypeDB MANAGED OBJECT CLASS 

DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992" : tOpj 
CHARACTERIZED BY 

topoTypeDBPackage; 
REGISTERED AS I em-topo-obj ectClass 4 ); 



topoTypeDBPackage PACKAGE 

BEHAVIOUR topoTypeDBPackageDef inition BEHAVIOUR DEFINED AS 

•This managed object class acts as the container for 
all topoType-related objects.!; 
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ATTRIBUTES 

topoTypeDBId GET; 
NOTIFICATIONS 

"Rec. X.721 | ISO/IEC 10165-2 : 1992" : 

obj ec tCrea tion , 
"Rec. X.721 | ISO/IEC 10165-2 i 1992" i 
obj ec tDeleti on ; 



LopoView MANAGED OBJBCT CLASS 

DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992" : top; 
CHARACTERIZED BY 

topoVi ewPackage ; 
REGISTERED AS [ em-topO-objectClass 5 ) ; 

topovi ewPackage PACKAGE 

BEHAVIOUR topoViewPackageDef inition BEHAVIOUR DEFINED AS 
!This managed object class is used to 

store information for the topological view application.!; 

ATTRIBUTES 

topoNodeld GET, 
topoViewBackgroundlmage 

DEFAULT VALUE EM-TOPO-ASN1 . def aul tBackgroundlmage 

GET-REPLACE, 
topoVi ewMapConf igFi 1 e 

DEFAULT VALUE EM-TOPO-ASN1 .def aultMapConf igFile 

GET- REPLACE, 
topoVi ewMapIni tialGeoArea 

DEFAULT VALUE EM-TOPO-ASN1 .defaultMapInitialGeoAre 

GET-REPLACE; 

NOTIFICATIONS 

"Rec. X.721 | ISO/IEC 10165-2 ; 1992" ; 

objectCreation, 
"Rec. X.721 | ISO/IEC 10165-2 : 1992" : 

objectDeletion, 
"Rec. X.721 | ISO/IEC 10165-2 : 1992" : 

attributeValueChange; 

topoViewDB MANAGED OBJECT CLASS 

DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992" : top; 
CHARACTERIZED BY 

topoViewDBPackage; 
REGISTERED AS ( em-topo-objectClass 6 } ; 

topoViewDBPackage PACKAGE 

BEHAVIOUR topoViewDBPackageDef inition BEHAVIOUR DEFINED AS 

!This managed object class acts as the container for 
all topoview-related objects.!; 

ATTRIBUTES 

topoViowDBId GET, 
topoViewNodeAutoPoei tion 

DEFAULT VALUE EM-TOPO-ASN1 . tOpoBOOleanTrue 
GET-REPLACE 

NOTIFICATIONS 

"Rec. X.721 | ISO/IEC 10165-2 . 1992" i 

objectCreation, 
"Rec. X.721 | ISO/IEC 10165-2 : 1992" : 

objectDeletion; 



r.opoViewNOde MANAGED OBJECT CLASS 
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DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 i 1992" i top,- 
CHARACTERIZED BY 

topovi ewNode Package; 
REGISTERED AS ( era-topo-objectCla33 7 ) ; 

copoViewNodePackage PACKAGE 

BEHAVIOUR topoViewNodePackageDef inition BEHAVIOUR DEFINED A3 
IThis managed object class is used to 
store information for the topological view node. I ; 

ATTRIBUTES 

topoNodeld GET, 

topovi ewNOdePOS i tion GET- REPLACE ; 
NOTIFICATIONS 

"Rec. X.721 I ISO/IEC 10165-2 : 1992" : 

objectCreation, 
"Rec. X.721 I ISO/IEC 10165-2 : 1992" : 

objectDeletion, 
"Rec. X.721 | ISO/IEC 10165-2 : 1992" : 

attributeValueChange; 



-- Name 3indings 

-opoNodeDB-system NAME BINDING 

SUBORDINATE OBJECT CLASS topoNodeDB; 
NAMED BY 

SUPERIOR OBJECT CLASS 

"Rec. X.721 | ISO/IEC 10165-2 : 1992" : system AND SUBCLASSES; 
WITH ATTRIBUTE topoNodeDBId; 
BEHAV IOUR topoNodeDB- ays t emBeha vi or 

BEHAVIOUR DEFINED AS 

!This name binding defines the location of the 
topoNodeDB object.!; 

CREATE ; 

DELETE ONLY-IF-NO-CONTAINED-OBJECTS; 
REGISTERED AS [ em-topo-binding 1 ) ; 

topOTypeDB-SyStem NAME BINDING 

SUBORDINATE OBJECT CLASS tOpOTypeDB; 
NAMED BY 

SUPERIOR OBJECT CLASS 

"Rec. X.721 | ISO/IEC 10165-2 : 1992" : Bystem AND SUBCLASSES; 
WITH ATTRIBUTE tOpoTypeDBId ; 
BEHAVIOUR topoTypeDB-systemBehavior 

BEHAVIOUR DEFINED AS 

IThis name binding defines the location of the 
topoTypeDB object. I; 

CREATE ; 

DELETE ONLY- I F-NO-CONTAINED-OB JECTS ; 
REGISTERED AS ( em-topo-binding 2 ); 

topoViewDB-system NAME BINDING 

SUBORDINATE OBJECT CLASS topoViewDB; 
NAMED BY 

SUPERIOR OBJECT CLASS 

"Rec. X.721 | ISO/IEC 10165-2 ; 1992" : system AND SUBCLASSES; 
WITH ATTRIBUTE tOpoViewDBId; 
BEHAVIOUR topoViewDB- systeraBehavior 

BEHAVIOUR DEFINED AS 

IThis name binding defines the location of the 
topoViewDB object. ! ; 

CREATE ; 
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DELETE ONLY- 1 F-NO-CONTAINED-OBJECTS ; 
REGISTERED AS { em-topo-binding 3 ) ; 

copoNode-topoNodeDB NAME BINDING 

SUBORDINATE OBJECT CLASS COpONOde; 
NAMED BY 

SUPERIOR OBJECT CLASS tOpONOdeDB; 
WITH ATTRIBUTE topoNodeld; 
3EHAVI0UR topoNode- topoNodeDBBeha viour 
BEHAVIOUR DEFINED AS 

[This name binding defines the location of topoNode objects.!; 

CREATE W ITH— AUTOMATIC- INSTANCE-NAMING : 
DELETE ONLY- I F-NO-CONTAINED-OBJECTS; 
REGISTERED AS { em-topo-binding 4 }; 

topoType- topoTypeDB NAME BINDING 

SUBORDINATE OBJECT CLASS topoType; 
KAMED BY 

SUPERIOR OBJECT CLASS tOpoTypeDB; 
WITH ATTRIBUTE tOpoTypeld; 
BEHAVIOUR topoType- topoTypeDBBehaviou r 
BEHAVIOUR DEFINED AS 

IThis name binding defines the location of topoType objects.!; 

CREATE j 

DELETE 0NLY-IF-NO-C0NTAINED-0BJECTS; 
REGISTERED AS f em-topo-binding 5 ) ; 

r.opoView-topoViewDB NAME BINDING 

SUBORDINATE OBJECT CLASS topoView; 
NAMED BY 

SUPERIOR OBJECT CLASS topoViewDB; 
WITH ATTRIBUTE topoNodeld; 
SEHAVI OUR topoVi ew- topovi ewDBBehaviou r 
BEHAVIOUR DEFINED AS 

!This name binding defines the location of topoView objects.' 
This name binding doesn't support create and delete management 
operations . ! ; 

REGISTERED AS t em-topo-binding 6 ) ; 

r.opoViewNode- topoView NAME BINDING 

SUBORDINATE OBJECT CLASS topoViewNode ; 
NAMED BY 

SUPERIOR OBJECT CLASS topoView; 
WITH ATTRIBUTE topoNodeld; 
BEHAVIOUR topoViewNode-topoViewBehaviour 
BEHAVIOUR DEFINED AS 

!This name binding defines the location of topoViewNode 
objects. This name binding doesn't support create and 
delete management operations . I ; 

REGISTERED AS { em-topo-binding 7 ); 



-- Attributes 

topoAHLayer ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-T0P0-ASN1 .TOpOAllLayer; 
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION ; 
BEHAVIOUR topoAHLayerBehavior BEHAVIOUR DEFINED AS 

IThis attribute identifies the list of allowed layer 
for topoNodeLayer . I ; 

REGISTERED AS ( em-topo-attribute 1 ) ; 
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tOpoAll Status ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 . TopoA 11 Status ; 
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION; 
BEHAVIOUR topoAHStatusBehavior BEHAVIOUR DEFINED AS 

!This attribute identifies the list of allowed display 
status for topoNodeDisplayStatus . ! ; 

REGISTERED AS ( em-topo-attribute 2 ) ; 

topoNodeChildren ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoNodes ; 

MATCHES FOR EQUALITY, SET— COMPARISON , SET-INTERSECTION; 

BEHAVIOUR tOpoNodeChi IdrenBehaviour BEHAVIOUR DEFINED AS 

IThis attribute contains a list of all topoNode objects 
which are logically children of this topoNode object.!; 

REGISTERED AS { em- topo-at tribute 3 ) ; 

topoNodeCmipAgentMO ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-T0P0-ASN1 . TOpONOdeMO ; 
MATCHES FOR EQUALITY ; 

BEHAVIOUR topoNodeCraipAgentMOBehaviour BEHAVIOUR DEFINED AS 

IThis attribute identifies the CMIP agent object that 
is represented by this topoNode object.!; 

REGISTERED AS ( em-topo-attribute 4 ) ; 

topoNodeDBId ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EH-TOP0-ASN1 .TopoNullId ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeDBIdBehaviour BEHAVIOUR DEFINED AS 

IThis is a distinguished attribute of the topoNodeDB object 

REGISTERED AS ( em-topo-attribute 5 ) ; 

topoNodeDef aultMO ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-T0P0-ASN1 . TOpONOdeMO ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeDef aul tMOBehaviour BEHAVIOUR DEFINED AS 
JThis attribute identifies the managed object that 
is used as the default MO for launching request templates.! 

REGISTERED AS ( em-topo-attribute 6 ) ; 

topoNodeDisplayStatus ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-T0P0-ASN1 .TopoNodeDisplayStatus ; 
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION; 

behaviour topoNodeDisplayScatusBehavior behaviour defined as 
IThis attribute identifies the list of display status 
defined by users. Each entry of the list is a pair 
of attribute ID and value (integer only) . One example 
is performance. Allowed attribute ID is specified by 
topoDat abase ::allStatus.!; 

REGISTERED AS ( em-topo-attribute 1 ) s 

topoNodeGeoLocation ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-T0PO-ASN1 .TopoNodeGeoLocation ; 
MATCHES FOR EQUALITY J 

BEHAVIOUR topoNOdeGeoLocationBehavior BEHAVIOUR DEFINED AS 

iThis attribute identifies the longitude and latitude 
of the topo node. The default value is NULL.!; 

REGISTERED AS ( em-topo-attribute 8 }; 
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topoNOdeld ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOP0-ASN1 .TopoNOdeld; 
MATCHES FOR EQUALITY ; 

BEHAVIOUR tOpoNOdeldBehaviour BEHAVIOUR DEFINED AS 

!This is a distinguished attribute of the topoNode 
ob j ec t . ! ; 

REGISTERED AS ( em-topo-attribute 9 } ; 

topoNodel.ayer ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoNodeLayer; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeLayerBehavior BEHAVIOUR DEFINED AS 

IThis attribute identifies the layer that the topo 
node is on.!; 

REGISTERED AS [ em-topo-attribute 10 }; 

tOpoNodeMOSet ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TOpoNodeMOSet ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeMOSetBehaviour BEHAVIOUR DEFINED AS 

!This attribute identifies the managed objects elsewhere 
in the management information tree that are represented 
by this topoNode object.!; 

HEGISTERED AS C em-topo-attribute 11 ); 

iopoNodeName ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOP0-ASN1 . TOPONodeName ; 
MATCHES FOR EQUALITY ; 

BEHAVIOUR topoNodeNameBehaviour BEHAVIOUR DEFINED AS 

IThis attribute can be used to provide a user-friendly 
label for the topoNode.!; 

REGISTERED AS ( em-topo-attribute 12 } ; 

copoNodeParente ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoNodes ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNOdeParentBehaviour BEHAVIOUR DEFINED AS 
IThis attribute identifies the logical parent 
topoNodes of this topoNode.!; 

REGISTERED AS ( em-topo-attribute 13 ) ; 

topoNodePeers ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoNodes; 

MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION; 

BEHAVIOUR tOpoNodePeersBehaviour BEHAVIOUR DEFINED AS 

IThis attribute contains a list of all topoNode objects 
which are logically connected to this topoNode object. !,- 

REGISTERED AS { em-topo-attribute 14 ]; 

topoNodePropagatedSeverity ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoNOdeSeverlty; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeFropagatedSeverityBehaviour BEHAVIOUR DEFINED AS 
!This attribute specifies what propagated severity 
the topology node has.!; 

REGISTERED AS { em-topo-attribute 15 ) ; 

topoNodePropagateUp ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-T0P0-ASN1 .TopoBoolean ; 
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MATCHES FOR EQUALITY ; 

BEHAVIOUR topoNodePropagateUpBehaviour BEHAVIOUR DEFINED AS 

!This attribute specifies whether the topology node should 
propagate its state to its parents.!; 

registered AS ( em-topo-attribute 16 ) ; 



LopoNodeRpcAgentMO ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNI .TopoNodeMO; 
MATCHES FOR EQUALITY ; 

BEHAVIOUR topoNodeRpcAgentMOBehaviour BEHAVIOUR DEFINED AS 

IThis attribute identifies the RPC agent object that 
is represented by this topoNode object. I; 

REGISTERED AS t em-topo-attribute 17 }; 

r.opoNodeSeverity ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOP0-ASN1 .TopoNodeSeverity | 
MATCHES FOR EQUALITY ; 

BEHAVIOUR topoNodeSeverityBehaviour BEHAVIOUR DEFINED AS 
IThis attribute specifies what severity 
the topology node has.!; 

REGISTERED AS ( em-topo-attribute IB ) ; 

topoNodeSnmpAgentMO ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoNodeMO ; 
MATCHES FOR EQUALITY; 

3EHAVIOUR topoNodeSnrapAgentMOBehaviour BEHAVIOUR DEFINED AS 

!This attribute identifies the SNMP Proxy agent object tha 
is represented by this topoNode object.!; 

REGISTERED AS ( em-topo-attribute 19 ) ; 

topoNodeState ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNI .TopoNodeState; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeStateBehaviour BEHAVIOUR DEFINED AS 
IThis attribute specifies what the state of 
the topology node is.!; 

REGISTERED AS 1 em-topo-attribute 20 ) ; 

topoNodeType ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNI .TopoTypeld; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeTypeBehaviour BEHAVIOUR DEFINED AS 

!This attribute identifies the topoType object in 
the topology database which describes the purpose 
and behavior of this topoNode object. This attribute 
may only be set to a new type which is derived from 
the existing type of the topoNode. I ; 

REGISTERED AS 1 em-topo-attribute 21 ) ; 

topoStatePropagation ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNI .TopoBOOlean; 
MATCHES FOR EQUALITY ; 

BEHAVIOUR topoStatePropagationBehaviour BEHAVIOUR DEFINED AS 

IThis attribute identifies whether the state propagataion 
should be performed for all topology nodes.!; 

REGISTERED AS ( em-topo-attribute 22 ) ; 

topoTypeAHBaseOf ATTRIBUTE 
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WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 . TOpOTypeS ; 

MATCHES TOR EQUALITY, SET— COMPARISON, SET-INTERSECTION; 

BEHAVIOUR topoTypeAllBaseOfBehaviour BEHAVIOUR DEFINED AS 
iThis attribute names the topoType objects that 
have this topoType object as a logical base class 
through any number of derivations.!; 

REGISTERED AS ( em-topo-attr ibute 23 1 ; 

copoTypeAHDerivedFrom ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoTypes; 

MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION; 

BEHAVIOUR topoTypeAllDerivedFromBehaviour BEHAVIOUR DEFINED AS 
! This attribute names the topoType objects that 
this topoType object is logically derived from, 
through any number of derivations.!; 

REGISTERED AS { em-topo-attribute 24 ) ; 

topoTypeAl lLegalArcs ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoTypes; 

MATCHES FOR EQUALITY, SET-COMPARISON, SET- INTERSECTION; 

3EHAVI0UR tOpoTypeAHLegalArcsBehaviour BEHAVIOUR DEFINED AS 
!This attribute names the topoType objects that 
this topoType object can connect to, including 
those specified by any base types!; 

REGISTERED AS ( em-topo-attribute 25 ) ; 

topoTypeAl lLegalChildren ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 . TopoTypes ; 

MATCHES FOR EQUALITY, SET-COMPARISON, SET- INTERSECTION; 

BEHAVIOUR topoTypeAllLegalChildrenBehaviour BEHAVIOUR DEFINED AS 
IThis attribute names the topoType objects that 
this topoType object can contain, including 
those specified by any base types!; 

REGISTERED AS ( em-topo-attribute 26 }; 

topoTypeBaseOf ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoTypes ; 

MATCHES FOR EQUALITY, SET-COMPARISON, SET- INTERSECTION ; 

BEHAVIOUR topoTypeBaseOfBehaviour BEHAVIOUR DEFINED AS 
IThis attribute names the topoType objects that 
directly name this topoType object as a logical 
base class . ! ; 

REGISTERED AS ( em-topo-attribute 27 ) ; 

topoTypeDBId ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoNullId; 
MATCHES FOR EQUALITY; 

BEHAVIOUR tOpoTypeDBIdBehaviour BEHAVIOUR DEFINED AS 

IThis is a distinguished attribute of the topoTypeDB object 

REGISTERED AS ( em-topo-attribute 28 ) ; 

LopoTypeDefaultLayer ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-T0P0-ASN1 . TopoTypeDef aultLayer ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeDef aultLayerBehavior BEHAVIOUR DEFINED AS 
!This attribute identifies the default layer that is 
used by the topo node . ! ; 

REGISTERED AS { em-topo-attribute 29 ) ; 
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copoTypeDerivedFrom attribute 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TOpOTypeS; 

MATCHES FOR BQUALITY, SET-COMPARISON. SET-INTERSECTION; 

behaviour topoTypeDerivedFromBehaviour BEHAVIOUR DEFINED AS 
!This attribute names the topoType objects that 
this topoType object is logically derived f rom. ! ; 

REGISTERED AS ( em-topo-attribute 30 } ; 

topoTypeDrawMethod ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 . TopoTypeDrawMethod ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoTypeDrawMethodBehaviour BEHAVIOUR DEFINED AS 

IThis attribute defines the drawable of the topoType 
object . ! ; 

REGISTERED AS ( em-topo-attribute 31 ) ; 

topoType Id ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoTypeld; 
MATCHES FOR EQUALITY ; 

BEHAVIOUR topoTypeldBehaviour BEHAVIOUR DEFINED AS 

IThis attribute is the distinguished attribute for a 
topoType object.!; 

REGISTERED AS ( em-topo-attribute 32 ) ; 

topoTypeLegalArcs ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoTypes ; 
MATCHES FOR BQUALITY, SET-COMPARISON, SET-INTERSECTION; 
BEHAVIOUR topoTypeMaxLegalArcsBehaviour BEHAVIOUR DEFINED AS 
IThis attribute identifies the topoTypes that 
may legally form arcs with this topoType.!; 

REGISTERED AS ( em-topo-attribute 33 ) ; 

r.opoTypel.egalChi ldren ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoTypes ; 
MATCHES FOR EQUALITY, SET— COMPARISON, SET- INTERSECTION; 
BEHAVIOUR tOpoTypeMaxLegalChildrenBehaviour BEHAVIOUR DEFINED AS 
!This attribute identifies the topoTypes that 
may legally be children of this topoType.!; 

REGISTERED AS ( em-topo-attribute 34 ) ; 

topoTypeMaxTopoLevel ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoTypeMaxTopoLevel ; 
MATCHES FOR EQUALITY , ORDERING; 

BEHAVIOUR topoTypeMaxTopoLevelBehaviour BEHAVIOUR DEFINED AS 
!This attribute identifies the highest abstract 
graph level that this node participates in the topology. 
A topoNode may not have more than one arc to each abstract 
graph level higher than this.!; 

REGISTERED AS [ em-topo-attribute 35 ) ; 

topoTypeMaxVisibleLevel ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoTypeMaxVisibleLevel ; 
MATCHES FOR EQUALITY, ORDERING; 

3EHAVI0UR topoTypeMaxVisibleLevelBehaviour BEHAVIOUR DEFINED AS 
IThis attribute identifies the highest abstract 
graph level that this node logically appears in. 
A topoNode may not have any arcs to an abstract graph 
level higher than this.!; 

REGISTERED AS t em- topo-attribute 36 ] ,• 
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topoViewBackgroundlmage ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-T0P0-ASN1 .TopoViewBackgroundlmage ; 
MATCHES FOR EQUALITY ; 

BEHAVIOUR topoViewBockgroundlmageBehaviour BEHAVIOUR DEFINED AS 
IThis attribute contains the relative file name of 
a image to display in the view.!; 

REGISTERED AS ( em-topo-attribute 37 ) ; 

LOpoViewDBId ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoNul lid; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoViewDBIdBehaviour BEHAVIOUR DEFINED AS 

IThis is a distinguished attribute of the topoNodeDB object. 

REGISTERED AS ( em-topo-attribute 38 } ; 

topoViewKapConf igFile ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoViewMapConf igFi le; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoVieWMapConEigFileBehaviour BEHAVIOUR DEFINED AS 

IThis attribute is the file for vector (geographic) map 
configuration. ! ; 

REGISTERED AS ( em-topo-attribute 39 } ; 

topoviewMapInitialGeoArea ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoviewMapInitialGeoArea ; 
MATCHES FOR EQUALITY ; 

BEHAVIOUR topoviewMapmitialGeoAreaBehaviour BEHAVIOUR DEFINED AS 
IThis attribute is to specify the initial zoom area of 
the geographical map.!; 

REGISTERED AS ( em-topo-attribute 40 }; 

topoViewNodePosition ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoViewNodePosi tion : 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoViewNodePositionBehaviour BEHAVIOUR DEFINED AS 

!This attribute contains x,y coordinates of the topoNodeView 
image to be displayed in the view.!; 

REGISTERED AS ( em-topo-attribute 41 ); 

topoNodelsManaged ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoNodeManaged; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoHodelsManagedBehaviour BEHAVIOUR DEFINED AS 

IThis attribute specifies the logical and of this nodes 
topoNodeManaged attribute with that of its parent's 
topoNodelsManaged attribute.!; 

REGISTERED AS ( em- topo-attribute 42 ) ; 

topoNodeManaged attribute 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASN1 .TopoNodeManaged; 
MATCHES FOR EQUALITY ; 

behaviour topoNodeManagedBehaviour BEHAVIOUR DEFINED AS 

IThis attribute specifies whether the topoNode should 
be managed by applications.!; 

REGISTERED AS { em-topo-attribute 43 ) ; ' ■ . ' 

topoNodeUserData ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOP0-ASN1 .TopoNodeUserData ; 
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MATCHES FOR EQUALITY ; 

BEHAVIOUR topoNodeUserDataBehaviour BEHAVIOUR DEFINED AS 
IThis attribute specifies a user defined data to 
be stored with the topoNode.!; 

REGISTERED AS ( em-topo-attribute 44 ) ; 

topoViewNodeAutoPosition ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoBoOlean ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoViewNodeAutoPositionBehaviour BEHAVIOUR DEFINED AS 

IThis attribute specifies if at the creation time the position 
of the topoViewNode is automatically generated. ! ; 

REGISTERED AS ( em- topo-at tribute . 45 ) ; 

■— Actions 

topoNodeGetByName ACTION 

BEHAVIOUR topoNodeGetByNameBehavioiar BEHAVIOUR DEFINED AS 

IThis action returns the topoNodeld of the topoNode whose 
topoNodeName attribute matches the input name ! ; 

WITH INFORMATION SYNTAX EM-T0P0-ASN1 . TopoNodeName ; 
WITH REPLY SYNTAX EM-T0P0-ASN1 . TopoNodes ; 
REGISTERED AS ( em- topo-action 1 ) ; 

topoNodeGetByType ACTION 

BEHAVIOUR topoNodeGetByTypeBehaviour BEHAVIOUR DEFINED AS 

IThis action returns a list of topoNodelds of the topoNodes 
whose topoNodeType attributes match the input type! ; 

WITH INFORMATION SYNTAX EM-TOP0-ASN1 .TopoTypeld; 
WITH REPLY SYNTAX EM-T0P0-ASN1 . TopoNodes : 
REGISTERED AS { em-topo-action 2 } ; 

-opoNodeGetByMO ACTION 

BEHAVIOUR tOpoNodeGetByMOBehaviour BEHAVIOUR DEFINED AS 

IThis action returns a list of topoNodelds of the topoNodes 
which represent the input managed object! ; 

WITH INFORMATION SYNTAX EM-TOPO-ASNl . TopoNodeMO ; 
WITH REPLY SYNTAX EM-TOPO-ASNl . TopoNodes ; 
REGISTERED AS ( em-topo-action 3 } ; 

topoGetViewGraph ACTION 

BEHAVIOUR topoGetViewGraphBehaviour BEHAVIOUR DEFINED AS 

IThis action returns the hierarchy of all topoViews!; 

WITH INFORMATION SYNTAX EM-TOPO-ASNl .TopoNullId; 
WITH REPLY SYNTAX EM-T0P0-ASN1 .TopoViewGraph; 
REGISTERED AS ( em-topo-action 4 } ; 
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APPENDIX 2 



topo.asnl 



• Copyright 1995 

Sun Miarosy atoms. Inc. 

All Rights Raaarvad 
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— 8 (#) topo.asnl 2.16 95/07/12 Sun Microsystems. 

-•■ copyright 12 Jul 1995 Sun Microsystems, Inc. All Rights Reserved 

EM-TOPO-ASN1 { 

iso(l) org(3) dod(6) internet(l) private(4) enterprises (1) sun(42> 
products(2) management (2) em(2) newtopo(lO) 

} 

DEFINITIONS ::= 
BEGIN 

IMPORTS 

Obj ect Instance 

FROM CMIP-1 f joint-iao-ccitt ms(9) cmip(l) modules(O) protocolO) ) ; 

em-topo OBJECT IDENTIFIER ::= ( 

iso(l) org(3) dod(6) internetdl private(4) enterprises (1) sun(42) 
products (2) management (2) era (2) topology (40) 

I 

em-r.opo-objectciass OBJECT IDENTIFIER { em-topo 3 ) 

em-r.opo- binding OBJECT IDENTIFIER ::= ( em-topo 6 ) 
em-copo- attribute OBJECT IDENTIFIER ::= ( em-topo 7 ) 
em-topo-action OBJECT IDENTIFIER : := ( em-topo 9 ) 

Default Values 

nullTopoNodeMO TopoNodeMO : := null : NULL 

emptyTopoNodeMOSet TopoNodeMOSet : := ( ) 

emptyTopoAll Status TopoAllSta tus ::= ( } 

emptyTopoAHLayer TopoAllLayer : := ( ) 

def aul tDrawMethod TopoTypeDrawMethod ::= circle 

nul lGeoLocation TopoNodeGeoLocation ::= null i MULL 

defaultTopoTypeDefaultLayer TopoTypeDef aultLayer : := "default" 

emptyLayer TopoNodeLayer : := " M 

eraptyTopoNodeDisplayStatus TopoNodeDisplayStatus : i= ( ) 
defaultMaxVisibleLevel TopoTypeMaxViaibleLevel : := 0 
def aultMaxTopoLevel TopoTypeMaxTopoLevel : := 0 
def aultTopoTypes TopoTypes ::= { } 

def aultBackgroundlmage TopoVi ewBackgroundlmage : := "" 
defaultMapConf igFile TopoViewMapConf igFile : := 

defaultMapInitialGeoArea TopoViewMapInitialGeoArea : := null : NULL 
copoBooleanTrue TopoBoolean : := TRUE 
topoBooleanFalse TopoBoolean ::= FALSE 
emptyUserData TopoNodeUserData ::= "" 

TopoNullId : := NULL 

TopoAl IStatus ::= SET OF GraphicString 
TopoAllLayer : := SET OF GraphicString 
TopoBoolean ::= BOOLEAN 

TOpoNodeld ::= INTEGER (0..d294 96729 5) 

TopoNodeState is = INTEGER (0 .. 4294967295) 

TopoNodeSeverity ::= INTEGER ( 0 .. 4294967295) 

TopoNodeMO CHOICE ( 

object Objectlnstance, 
null NULL 

) 

TopoNodeMOSet i:= SET OF Objectlnstance 



04/09/2004, EAST Version: 1.4.1 



5,848,243 



41 



42 



TopoNodeName = GraphicString 

TopoNodes ::= SET OP TopoNodeld 

TopoNodeDisplayStatus : := SET OF SEQUENCE ( 
status GraphicString, 
value INTEGER 

I 

TopoNodeLayer ::» GraphicString 

TopoNodeGeoLocation ::= CHOICE { 

null NULL, 

value SEQUENCE { 

latitude REAL, 
longitude REAL 

) 

) 

TopoNodeUserData : := GraphicString 
TopoTypeld: := GraphicString 

TopoTypeMaxVisibleLevel : := INTEGER (-32768 .. 32767) 

TopoTypeMaxTopoLevel ::= INTEGER (-32768 .. 32767) 

•TopoTypee ::= SET OF TopoTypeld 

TopoTypeDrawMethod : != ENUMERATED ( 

circle (0) , 

square ( 1) , 

rectangle (2) , 

triangle (3) , 

hexagon (4) , 

line (S) 

) 

TopoTypeDef aultLayer ::= GraphicString 

TopoViewNodePosition ::= SEQUENCE { 
x INTEGER, 
y INTEGER 

) 

TopoViewBackgroundlmage : := GraphicString 
TopoViewMapConf igFile : := GraphicString 

TopoViewMapInitialGeoArea : := CHOICE [ 

null NULL, 

area SEQUENCE { 

centerLatitude REAL, 
centerLongitude REAL, 
widthlnKro REAL 

) 

) 

TopoNodeManaged : := BOOLEAN 

TopoNodeData : : = SEQUENCE I 
i d TopoNodeld , 

name TopoNodeName 

) 

TopoViewGraphNode SEQUENCE { 



04/09/2004, EAST Version: 1.4.1 



5,848,243 



43 



44 



node TopoNodeData, 
parents SET OF TopoNodeData 

t 

TopoViewGraph i:= SET OF TopoViewGraphNode 
END 
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What is claimed is: 

1. A computer network comprising: 

a plurality of network nodes and interconnections; 

a network management system that manages physical and 
logical topologies of said plurality of network nodes 
and interconnections, said network management sys- 
tem comprising a user modifiable database of managed 
network resources, said database of managed network 
resources comprising data indicative of physical and 
logical topologies, attributes for said plurality of net- 
work nodes, associated node types, and a plurality of 
views associated with said nodes, said plurality of 
views customized by said network management system 
based on user input changes in said attributes of said 
nodes; and 

at least one network management user, said at least one 
network management user displaying said plurality of 
views of said network using said database of managed 
network resources. 

2. The computer network as recited in claim 1 wherein 
said attributes of said nodes comprise parent relationships, 
and wherein a new view node is formed each time a new 
parent is added to an attribute of a node. 

3. The computer network as recited in claim 2 wherein a 
view node is deleted each time a parent is deleted from 
attributes of a node. 

4. The computer network as recited in claim 1 wherein the 
at least one network management user access the database of 
managed network resources through physical topology data- 
base. 

5. The computer network as recited in claim 1 further 
comprising a network viewer on a plurality of user 
workstations, said user workstations forming views of said 
network based on said database of managed network 
resources. 

6. The computer network as recited in claim 1 wherein 
said network nodes are defined by a node database object 
class, said node database object class containing node 
objects, a type database object class, said type object class 
containing network object types, and a view database object 
class, said view database object class containing view 
objects of said network. 

7. The computer network as recited in claim 6 wherein 
each of said nodes is associated with a severity, wherein 
alarms posted for a particular node are propagated to selec- 
tive views of said network. 

8. The computer network as recited in claim 1 wherein at 
least one view of said network are updated by said network 
management system when a new node is added to said 
system. 

9. The computer network as recited in claim 1 wherein the 
plurality of views of said network comprise logical groups 
of nodes which the at least one network management user 
manages. 

10. The computer network as recited in claim 1 wherein 
the plurality of views of said network are each graphical 
representation of a collection of managed objects. 

11. The computer network as recited in claim 1 wherein 
the network management system maintains integrity of the 
database of managed network resources by modifying the 
attributes for the plurality of network nodes upon addition 
and deletion of new nodes. 
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12. A method of managing a computer network compris- 
ing: 

forming an object oriented database of managed network 
resources, said database of managed network resources 
comprising data indicative of physical and logical 
topologies, network nodes, associated node types, and 
associated views of said nodes; 

managing said computer network by allowing user modi- 
3 fications of said database of managed network 
resources; 

displaying at least one view of said network using said 

database of managed network resources; and 
modifying said at least one view based on said user 
5 modifications of said nodes in said database of man- 
aged network resources. 

13. The method as recited in claim 12 further comprising 
the steps of: 

o defining parent relationships of said nodes; and 

forming new views based on additions of parents to a 
node. 

14. The method as recited in claim 13 further comprising 
the step of deleting a view node when a parent is deleted 

5 from a node. 

15. The method as recited in claim 12 wherein said step 
of forming an object oriented database of managed network 
resources comprises the steps of: 

0 forming a node database type class containing a plurality 
of node type objects; 
forming a node type database class containing a topog- 
raphy of nodes in said network; and 
forming a view type database class containing views of 
15 objects in said network. 

16. The method as recited in claim 12 further comprising 
the step of defining an alarm severity for at least one node 
in said database, said alarm severity denning when alarms 
are propagated to other nodes in a view of said network. 

10 17. Software on one or more storage media, for managing 
network nodes and interconnections of a computer network, 
said software comprising: 

a database of managed network resources, said database 
of managed network resources comprising data indica- 
t5 tive of physical and logical topologies, network nodes, 
network node types, and views of said nodes; and 
a network administration program, said network admin- 
istration program managing said network by allowing 
■ 0 user modifications of said database of managed net- 
work resources, said network administration program 
modifying said views of said nodes based on user input 
of changes in attributes of said nodes. 

18. The software as recited in claim 17 further comprising 
S5 a network viewing program, said network viewing program 

displaying various views of said network based on user 
selection input. 

19. The software as recited in claim 17 further comprising 
an alarm propagation system, said alarm propagation system 

6Q propagating alarms in views of said network based on 
propagation severities associated with said nodes. 

***** 
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